Reverse logistics is a research area that has been of particular interest to the academic community in recent years and this is reflected in the main journals on production and operations management. In view of this interest, we propose to analyse the main characteristics of these studies in order to evaluate what has been done and how, where and by whom it has been carried out. The answers to these questions will not only allow us to deepen our knowledge of the current situation of reverse logistics research, but will also help us to determine what still needs to be investigated, outlining some directions of research for the near future and offering practical help to those who begin to research on this topic. In this respect, the objective of this work is to analyse the main characteristics of a series of studies on the concept of reverse logistics that have been published in some of the most prestigious scientific journals in the period 1995-2005. Clearly, the idea of tackling a literature analysis of this size is very ambitious and it must be appropriately delimited, so that the abundance and heterogeneity of the data available does not prevent us achieving the objectives we have set ourselves. In this respect,
we should point out that we are only interested in those articles that can be considered essential points of reference in the reverse logistics field and we have therefore selected those papers published in the main international scientific journals.
The concept of reverse logistics has evolved over the years, passing through varying stages until becoming consolidated (de Brito and Dekker 2004, Fernández 2005) . Among the many definitions that have been suggested for this concept (Stock 1992, Rogers and Working Group on Reverse Logistics, REVLOG, appears to us to be the most complete and will hence be the definition that we shall use in this current work. This research group defines reverse logistics as 'the process of planning, implementing and controlling backward flows of raw materials, in process inventory, packaging and finished goods, from a manufacturing, distribution or use point, to a point of recovery or point of proper disposal' (de Brito and Dekker 2004, p.5) . Given its novelty as a research area, the definition of reverse logistics may cause certain confusion among those interested in the area, with the result that it can often be confused with issues that are related to it but strictly distinct from it: industrial ecology, green supply chains, waste management, etc. To avoid any possibility of ambiguity in the delimitation of the object of our work, we shall focus on those articles that have contributed to building and developing this line of research, ignoring those that do not explicitly examine any of the elements making up the concept of reverse logistics as defined here.
Furthermore, we feel that it is necessary to analyse works of the highest quality, so that our findings lead to conclusions based on criteria of quality in the research. Thus, we have selected a group of journals of renowned prestige among the international academic community, completing the selection with other publications that are highly regarded in the area of production and operations management.
Given these premises, the rest of this paper is structured as follows: first, we describe the methodology we have employed to build the database of articles to be analysed. We then present the main research topics within the reverse logistics field identified in our analysis of the specialized literature. In the following section we outline the main findings of our research. We end with a section outlining our conclusions and final reflections.
METHODOLOGY
The sources of information required for the present research consist of a group of specialized journals considered likely to include works in the reverse logistics field. We have excluded proceedings and doctoral theses, in the understanding that quality studies tend to be published in this type of journal eventually and in addition these publications are the most cited in scientific papers. In this point we coincide with the majority of previous studies carried out at the international level (Stahl et al. 1988; Bairam 1994 ).
The next step was to select the scientific journals that would be considered in this study. We opted to select the most prestigious publications in the area of Business Management and for this we made use of the list of journals published by ISI Journal of Citation Reports (2004) . Among the various topics used by this classification, we chose the subject categories ' Business', 'Management' and 'Operations Research and Management Science', which we felt would be the most likely to include journals publishing works on the concept of reverse logistics. Obviously, not all articles on reverse logistics published during the period of analysis would have been published in impact factor journals. There are other prestigious scientific publications not included in the ISI Journal of Citation
Reports that have published articles on this topic and we feel they should be included in our work in order to lend more significance to the findings that we obtain and also to be able to On the other hand, these journals are included in other studies analyzing the state of the research in the field of production and operations management (Babbar and Prasad 1998; Barman et al. 2001; Prasad et al. 2001) .
For the present study, we ignore brief notes, introductions, editorials, professional commentaries and book reviews, which are common in the journals analysed and which cannot be classified as published articles. We have however opted to include articles appearing in monographic editions on Supply Chain Management and the Environment, since although these may distort the results somewhat because of their focus on a specific subject, we believe they reflect the interest of researchers on the topic that is object of study here, as well as the need to advance understanding in it.
Our analysis relates to the period 1995-2005, since although there are articles centring on this issue prior to 1995 (among which, Guiltinan and Nwokoye 1975 , Fuller 1978 , Ginter and Starling 1978 , and even two monographs (Stock 1992 , Kopicki et al. 1993 , it is really only after this year that the concept of reverse logistics itself becomes consolidated and we start to see works on the environmental aspects of Supply Chain Management finding space in this type of journal (Alfaro et al. 2003) . Moreover, to the best of our knowledge, there are not articles on reverse logistics published in journals included in JCR, before this year.
As we pointed out earlier, our idea was to analyse those articles that study aspects directly related to reverse logistics. With this in mind, we carried out a literature search F o r P e e r R e v i e w O n l y 6 using the terms 'reverse logistics' and/or 'product recovery' in the title, abstract or keywords of the articles appearing in the selected journals during the period of analysis.
The inclusion of the term 'product recovery' is justified because in a first search where we included only the concept 'reverse logistics', we found that an important number of works were absent, works that were relevant in spite of not containing the term 'reverse logistics'.
This term has become consolidated only gradually, in parallel with the growing appearance of research papers on the topic in these journals. In any case, each work resulting from the search was then carefully analysed in order to confirm that its focus was indeed on reverse logistics. Furthermore, we examined the bibliography of each article to detect potential omissions from the initial search and finally we compared the resulting database with the set of bibliographical references used in various monographs (Fleischmann 2001 , Dekker et al. 2004 , Dyckhoff et al. 2004 . Thus, we completed our database, which contained a total of 186 articles published in 26 journals (see Table 1 ). A total of 68.28% of the articles were published in journals edited in Europe and the remaining 31.72% in publications from the United States. However, half of the journals included in this study have been edited in USA and the other half in Europe,
Once we had built up our database we analysed each article using a data collection sheet in which we included, among other things, information concerning the research topic in which the article was framed, the methodology followed, the techniques of analysis employed, the number of authors, their origin and the number of references used.
Moreover, in cases where it was relevant, we examined, complementary aspects of the Within the first research topic, 'management of the recovery and distribution of endof-life products', we find all those works analysing the different physical flows present in the reverse logistics systems, especially those issues relating to the collection and distribution of end-of-life (EOL) products. Thus, aspects such as the analysis of EOL product returns, the design of the reverse logistics network and its interaction with the forward logistics flow, the analysis of transport routes or questions of internal logistics, among others, are covered by this research topic. The topic 'production planning and inventory management' embraces those works in which the main object of the research is the coordination of the processes of EOL product recovery and particularly aspects deriving from the existence of a reverse flow of EOL products and its interaction with traditional production planning. Among the main questions analysed by the studies in this topic, we find: the effects that the existence of a reverse flow of EOL products generates in the traditional models of inventory management, the dynamic capabilities of these reverse We classified the articles within each research topic by examining the title, abstract, keywords and main body of the paper. This review was carried out independently by each member of the research team. Most of the articles were classified unequivocally into one of the three different topics. However 14.75% of them were either considered doubtful or two or more members of the team disagreed in their classifications. In these cases, we reviewed the articles again and then the team as a whole agreed on the most appropriate classification.
RESULTS
In the first place, we observe that reverse logistics, as a research area in the field of production and operations management, has experienced increasing interest in the period of analysis considered, a fact that is mainly reflected in the growth in the number of articles published in the journals analysed (figure 1). has consequently contributed to its development, both quantitatively and qualitatively. Analysing the articles by research topic, we observe that 56.45% can be included within the topic 'production planning and inventory management', 31.18% analyse questions of a strategic nature and can be framed within the topic 'supply chain management issues in reverse logistics', while 12.37% of the articles analyse questions relating to the 'management of the recovery and distribution of end-of-life products'.
However, we note that the topic 'supply chain management issues in reverse logistics' has attracted the attention of researchers in recent years. In fact, most of the works published in 2004 and 2005 fall within that research topic (figure 2). The studies published during the period of analysis appear to be focusing on the analysis of tactical and operational decisions, a finding which should have some relation with the type of study carried out as well as the methodology followed. In this respect, the analysed works employ methodologies (figure 3) that are both quantitative (basically using mathematical models) and qualitative (case study, literature review or theoretical developments). A total of 19.89% of the articles analysed use two different research methodologies, with case studies being the most popular of the second methodologies chosen (54.05%). With regards to the relation between the research topic and the journal in which the article appears (table 3) , we find that 60.87% of the articles analysing the 'management of the recovery and distribution of end-of-life products' are concentrated in just four journals:
Computers & Industrial Engineering, Interfaces, International Journal of Production
Research and OR Spectrum. Furthermore, all of the articles on this topic are published in just ten of the analysed journals. In turn, the works on 'production planning and inventory management' are published in a wider spread of journals. Indeed we find only seven publications that have not published articles on this research topic in the period of analysis.
In any case, the European journals European Journal of Operational Research, International Journal of Production Economics and International Journal of Production
Research published fully 57.14% of the articles on this topic. With regards to 'supply chain management issues in reverse logistics', we find that twenty of the analysed journals find that mathematical programming techniques are the most used in the group of articles as a whole (18.58%), these mainly been used for the analysis of the problems arising in the 'management of the recovery and distribution of end-of-life products'. We should bear in mind that this topic includes problems of allocation and localization -traditionally formulated and solved using linear programming. For their part, the works dealing with 'supply chain management issues in reverse logistics' prefer to employ descriptive analysis and the case study, in coherence with the qualitative methodology that predominates in these studies. Finally, we observe that simulation, together with mathematical programming, optimization and queueing, are the most common analytical techniques within the topic 'production planning and inventory management', as would be expected in these works that analyse the effect that the reverse flow of EOL products has on models of inventory management. and Otto-von-Guericke University (Germany), each of which has 3.76% of the first signers. of the works analysing 'production planning and inventory management' and 8.62% of the articles on 'supply chain management issues in reverse logistics'.
CONCLUSIONS
Throughout this work, we have analysed the development of research on reverse logistics over the recent years, by examining the scientific articles appearing in the main international specialized journals in the field of production and operations management.
Our main goal has been to analyse the evolution and basic characteristics of the research on this topic, so that we could observe the path followed up to the present time, describe the current situation of the research and provide ideas about where it could be directed in the future. In accordance with our findings, we can point out the following conclusions:
• Although there were some earlier works focusing on issues related to reverse logistics, this current of research is very recent -its origins can effectively be dated 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 • The majority of articles centre on the study of tactical and operational aspects like production planning and inventory management, deriving from the implementation of a reverse logistics system. However, we observe that issues regarding closedloop supply chain management have received the preferred attention of researchers in recent years, although we consider that more research on strategic factors (marketing, competition, technology) seems necessary in order to develop a theoretical framework for research.
• In our analysis of the association between topic and the methodology and research techniques used, we find a 'typical profile' for articles and research topic. Research on 'management of the recovery and distribution of end-of-life products' is characterized by using indistinctively both quantitative and qualitative techniques, applying mathematical models and the case study as main methodologies. Research on 'production planning and inventory management', in accord with its quantitative profile, tends to be analytical in content and favours techniques such as simulation, optimization and mathematical programming. Regarding research on 'supply chain management issues in reverse logistics', this was characterized by being mainly theoretical and qualitative, largely using the case study, although a quantitative trend has been detected in recent years.
• Research on reverse logistics has been led by scholars from the Netherlands, Germany and the USA. The first two of these countries have a strong environmental provided an incentive for the research on reverse logistics, thereby contributing to its development. Nevertheless, it would be necessary to expand the research to the supply chains of others countries, especially the emerging and transition economies which will play a leading role in the global supply chain in the next years.
To conclude, we should stress again that our initial intention was to analyse the main characteristics of the research in the reverse logistics field, an ambitious task interacting with many other fields of research within business management, engineering and the environmental sciences. The problems have extensive ramifications; there are various ways of approaching them and many aspects to clarify. All of these will have to be analysed in future works. In this respect, we feel that research on reverse logistics should now be directed at analysing strategic aspects and developing organizational theories, allowing us to establish an appropriate framework of reference within which the tactical and operational aspects that have been analysed in recent years can be developed efficiently. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 
